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multiplex light simultaneously by using a simple component. 
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*^;7 7 <7) tf— A^ai^ h^ri/-h 1 2 O0>i8^;£tf> 
B (-r*t>t>> %<D±lZfcMmi 2 2 **LT^^>S) 
tC^^-T^o e-A^Ji^ h^/l/- h 1 2 Oc7)3St^ 

(is (i) mm*7 4 > 1 2 6 ^:51jir^B#^A*^; 

7 7©*a wTCctopa^s, mi o 

iZTjkZtitzmm f*aj ) (i i) A^>t7 7 iflEM 
mi 2-4t:<toT««0t:fi»#nfci:Sa)SStlMl 2 4 

l4$:^'>^#^o V I PAcDS^^K/f^^fSiiE'r^^ 

[ 0 0 2 1 ] i7C4oUt> A*^7 7©**fl 1 3 2 
«U /J^&ffl*«0 o *#'U-r^So S8*BI1 2 2 60 
»«9 5Xfcfi£t5k, S«tM 1 2 2 OftfflttjEI* 
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•CSSt*iXSo SWfflll 2 4tctoT*«3t:S«$ixfe 
#(4. BtfSWfflil 2 2Cife4#, dfct>-5«£ 
»r<XTt^4o ^LT, ^C0 5%^S*Tfgl 2 2*iSi§ 

<r&o mJHcLT, B7CiRSft«j;-5fc, #(4, 

Atf)ff£tt(4, ##tr— A£x.>< Yo^m% 1 3 4 

f £ <to(:ffM^n§o £B& 13 4it 7U- h 1 2 0 

c:c*e> t liru- h i 2 oo^^T'fe^o jelft i 3 4 

1 3 4*6te»rS#ttS^(CT*U A^7*7 7 <D$L 

fi^«oT«fb-r**iRiice»-rsny^— h3tei 3 6 

[0 0 2 2] *ft©|fflfHfcfcd = 2 t S i n<9 0 T-$>tU 
^<£>Jt(4, cotfl fl f*5p VI PA 

(4, 

[0 0 2 3] m <fc -5 fc^ r v irtuall 

y imaged phased arrayj 4:^-5fliIg«\ jsSfife 1 3 4 

^JEJfcJBfclfiEofc, EI6(C^^ti^VI PA7 6©WI 
II-VIII CC»-336:BfHft3R-ria-C»*o H8(C<fcft«. 
TU-h 12 0lt ^©ICEWBl 22^:124^ 
LTl^o K8tH 1 2 2 i: 1 2 4(4, Sl^^firT-, r 
U-h 1 2 0©ff* t£«fcoTPB«£ftTl>*o HStffi 
1 2 2 £ 1 2 414. IftSiWfclfcJ:, h 1 2 0±£Jfc 

HtZtitzRmtSl-CjbZo mi&Ltz&olZ, RMMl 2 4 

(4, mm^-i > w&m^x, b&i o o%<Dfctt^*m 

LT:feD, ^StH12 2(4. BS9 5%3&»€ilW±©K» 
*S*fCl^o tfcoT. fittffll 2 2(4, «5%*»* 
ft«T<&58«**«LTi3!K 2 2^nCDAS*^ 

#KSt£*l£o SStffi 1 2 2 h 1 2 4<D&mmz» V I 
PA<Z)«fSuajKfflt:SEi«, SSk:*Mnr«et?»So L 
*»U -JSWlc, gWffll 2 2(4, A£f#;tf>-gfl£«jil 
1 0 0%40^l>MW$**tS^^ 

[0024] &mmi 2 4(4, *<D±tzmmv4 >vo 

1 2 6 StLTl^o KSWCM >F*12 6(4, 

(4, #fd^M$?:fiLTl^o B«*£*f > F »> 1 

2 6(4, A;b*7 7*g#U A;*J#;7 7*g«iBl 2 
2 fc 1 2 4^P^T-§)fe^#, S^^^^o 

[0 0 2 5 ] 0 8(4, B 6 CDjgVI II-VIII t:»ofcHrffl 

^7 8^^JKWtt(CfE«Sr^)o 5?(C, {H8tc^£*iT 



t^cfcoKs IM7 8lt SMI 2 2(;:gBg£ftT 
V^o M^7 8**K»ffl 1 2 2±iz$>z>.z£i* i &mr- 

(4&lM#, Mjai»7 8tf){uBtf>j£iS(4V I P A 7 6 (Dft 

[0 0 2 6 ] H8fc^£ft-0*3«fc-5(C N 7 
(4, >K^1 2 6 0«aAO^LT7l/- h 

i2ocAitt§o &p o&mm ao om m<D 

[ 0 0 2 7 ] S«H 1 2 2C7)SW*(CJ; 0, A** 7 7 

5%fr*ti&L±&&mmi 2 2ta- 3 tg^ 

tl, M^t® 1 2 4 CQSPfJgA 1 ±CAWt5o SWH 1 2 
4 0««Al^e,fi»l / fc«, A*}£7 7(4, fijtfffl 1 
2 2Mji<fr, -SW, MRlt-i^WffiMOu 
t UUgW@12 2iIIt§ 0 CCDctdiCs El 8 
(^£tiT^34;?(C. A*^7 7(4, Rttmi 22 £ 

1 2 4<Dm-efrnm.M*mcL-ro azx*. mj^hi2 2 
^6cD^n^ncoMSt(4, ^fc, mmztizzti^etuD 

m*#i:&So 8Eot, flWAH. AAft7 7lt M^A 
2, A3, SrfA4TSSt*n. HiMOut2, Ou 
t3 N M\ Out4*4fiHt5o j5P2(i1S«A2CD 
JlfflCD^^^U, i^P3(4. ««A3©SIH^*^ 
L. ^P 4(4^A4^H6D^&^bTl^^o ffi^7^; 
Out 2(4, MR2C4otl^n, IllMOut 
3(4, *HR3(aotK^ti, ffiMOut4M 
8R4C4oTS^ji5o 118(4, HlMOutO, 
Outl, Out2, Out3MOut4^^|$ 
LTl^#, ^(^(4A^^7 7 0^9- £S*fH 1 2 

2 ti 2 4(Dfrmmz&t)s t>^£&<<Dmjjytfi*&& 
£T*U A^*7 7co^(zse^^b-r^^rrRi*Wt- 

[0 0 2 8] 0 9(4, *lBB»t:a^, VI 

PA(c4:oT^^ti^Tr$fe^-rH^^^o EI9{cJ: 
n(4, Mj^«B7 8*>&Jttr*ttS«tffll 2 4C4otfi 

mztiZo m^i^rz^oiz, sws 1 2 4 1 00% 

^^)o *S^^bT, ttl*f^Ou t 1(4, RStmi 2 2£ 
124^i<, tilMOut 1 WtiktiMIi frbMLMZ 

ffiMOut 2, Out3MOut4li> ZtibfiK 

m&ui 2 . i 3 , av. i4* s e>'*n^njtttB$nfc 

2 > I3^ ^J»l 0 ®*«^»*o 
[ 0 0 2 9 ] (219 (C/^^nTl>^cto(C, 

^1,(4, M^MI 0 ^&ENI2 t«^c^M^ 0 z 
at:, t(4, KltS 1 2 2 h 1 2 4 co^OSEBttc^ b 

(4, MjAMIi fr&iEMI2 tcokc^>(c$»^ 0 

mm 1 2 2 k 1 2 4 <DF£<DZtl*tl<D'&«E<D&m&m 
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oT> HiMOu t 2 ttW*3tO u tUO *>3£jg#,jx 

[0 0 3 0] H9K^£*iT^£<fc-5(C, M&f&fi>t><D 
ttiJjytlt, I^Ci^O, T^f^o A;b 
#7 7co«S(C^#bfc^^^fp](Ciifc^m^:^^;^ 
*^0fl^)±I3^SSff^(c^o^VI P A(i. VIP 

ZtlZXHZTZo VIP A&&&)&^(D3km£&T CD 

^ (i) laots^Wo 

[0031] 2txco s^=mA 

zzx, ektssts 1 2 2 ^ 1 2 4(Dm^mmte$&frt> 

Itofc, Bf%$ntzftm<Dfcffl1jfaT:&Z>o Ate. A^? 
*<£>i£S£^U tit S»S12 2tl2 4©P^fi§ 

[0 0 3 2]ge^T, t#£2&T% mtC^tfMfi^x. 

&<r£ 0 stot, i5ib«ft^A^*(i, i^i7 8^e 

^<<©R«cofc^|qj(CJt^ SUE 12 2^12 4(Dri 
T-SIW^tl^o V I P A<Dftto&^<D0km£&m<Dfifa 

[0033] miofi, ^m^mmmmiz^rz, a 

1 P A<7)*$f££^ir\ H6CCEI^£ft£V I PAcO^VI 

ii-viii izB^tzmm*^tmx&%o 

[0 0 3 4 ] m 1 0 £#bs IT 3 A*?* 7 7 Hfil 
U>X (^121^) lZ£-oXifkft£tl, M^7 8(ClRm 

<*n&o 01 o <d j; -5(3, a** 7 7(i, mm*>4> k 

^ l 2 6±co r aj tc^LlM|i*^o®^^^^---r 

€> 0 a**7 7&£immi 2 2frt> imELmztittks 

XJ]% 7 7 Rft® 1 2 4 ±tc Alt U 1 2 4 

±(£> rbj iz^L\,^mcDmw*ti^-?z>o eii 

OC^nt^^cfc^t^ A*^7 7te, ^*fS 1 2 2 

(DmmzMLx, m^ne^oitmi 3 2tc*&oTit 

fro 

[0 0 3 5] frf££j <9 0 ii, jgW® 1 2 2(aotI^ 

izfcM£ti£i'&^ xti?t 7 7 mmv -r > f •> 1 2 e 

ai^x.*Ui\ ^ft<9 0 (;i, A;bft7 7#j£!i« 1 2 

2 h 1 2 4<DHJ](c r^^j ^ti, BS|t^7>f > H^126 

T, X±fft7 7ftmmOj > K<> 1 2 6*>e>iI^tBT L 
^fr&t^^lcte, <t£££i<9 0 tt, UT^SC (2) (Cft 



[0 0 3 6] K$&(DffiZe 0 ^ (a + b) /4t 
(a + b) (Dm&s a = b commit t£Z>o CM, M 
^«8 7 8ti*&mm 1 2 2±(C{uBLT^£«fflT-&3o 
[0 0 3 7]lSot, O 6 ~ 1 0(:*^titl^J;9 

(DtemzG-tzxti ft* gifts v 1 p A£^fr 0 vi 

P A(iA^^O^fi^t(CcfcoT> gB + Q^igC^ 

^flfe(D^^^^^SOA^*tC^bTff^^tlfem*^ 
h^P^e<3^E^J^T'*)^o mZtts ID8(i, SMI 
2 2i: 1 2 4^^T^fiS^&^C-rA*5fe$llI^LT 
t^o dc^^m^Wiis X~fr%7 7 (D&ifeiklzMlsXs 

Qmmzmmmuft*&it^f&-?z> <fc?£, si^^t^ 

■ri>^^CDm**Ou t 0, OutK Out2, Ou 
t3, 0ut4^4it§ o 

[0038] r&^&j \±s mtftmt^(Dmm><D% 
^^\^-^m\z^^^^tmmx^^>o 

T. ttlMOu tO, OutU Ou t 2, Out3^ 
XfOu t 4(i^:Tf5lb^® (<r&*>*>, Ai3^7 7) 
£>*Tl>3<Z>T% tB**Ou tO. OutK Out 
2 . O u t 3 , #t>\ O u t 4 <D^m$, Xt*%7 7(D 

[0039] *ftw<D±nmmBmiz&ti&, xjjmz 

A*^(igfi(W^fIc^lEH>?}^ji^^n^fiS^W-r 

[0040] Btc. ^mcD±tmmnmizxn^ m 

SO«^i5!Srt(^^^^R(7)A^^^^LT^^n 

&^rzm^iz^m^n^mtfytt^mmiz^m^x$> 
8 2<Dmn?>fa (tt£t>-t>, r&m&}&&j ) (i, a^j 

*7 7^ s ^^| 5H ^^ s ^^ >SST .a fe ^ ii ^ ^ 

7 7^3oco^MA 1, A 2 J&tN A 3 ^.X ^isAsXl^Z) 
Wr&, M82a, 82 b, RTIS 2 c (i, fsIB^tC^ 

[0041] *^B^co±iB^SE^(cj;n(i, M^ma 

[0 0 4 2 ] **W©±83SI«i^JB(c <t*i«x 2 o<£>& 
BS10 0%t-fe^o L*U H«©»*J4, 10 0%J: 

d 'j^ ^ ^sit * ^ * n ^ n # -r & 2 o<&satJK(c: j: o x 



mw>m<D&®.tt.Rmmz, vi p AcD^-wummzm.^ 

RJ1 Wirmz&r>XBl$,£tiZ>s feSi^il m^zw- 

i^. b*>u ists&st^ii m.mmt&ri.bw-fix 

[0 0 4 4] *9tW(D±t?,'£MBMlz£.tH^ V I PA 
«}#t5o *Sm^L-C, V I P AcDftmZ&fcX, f£ 

[0 0 4 5] *%W<D±tmMBMl*s SvMc r^p^stj 

fl *Sgf*&*j|!ttffiBfl«jfcE»JnrSg-c*S. b*> 
[0 0 4 6] 01 1(1 #$gBJ3©— ^Jfiff^^^cfc, 

&m^tmzm^6tiz>viPA%7rstmx$>Zo mi 

1 (Cfcftd ^JIKftHf 9 6 h 9 8(1 #J;L(1 1 0 0 
/xm©J?£ t Z^-rz-tJ^XXX^fzW-mR 1 0 OCDfla 
ffltc^tf^nt^^o W-'nm. 10 011 20~2000 

9 6fc98l±»£ b<il ^JBMfiW^Ti^Btl?**. 
[0047] Rmm 9 8 ©KJt*fcl BS 1 0 0 %X$> 

»), Rmm:9 6&Rmmm9 5%x$>2>o b*>u s 

*TBi9 6 9 5%lZ&m%.£tl-7, 9 6 

+#fc3te**K»<**iS&<b(l £&ofc«rc*J;^„ » 

*b<ii Rmm9 6 <D&.mm*s so%a^ioo% 
j^'hs^g^— 1> vo&mx&Zo mc, s*rsi9 

8©fi»*H:l 0 0%£fKJ££*i&l>#, S*fflM9 6i: 

[0 048] JKIt >> ^>Hf 102l±, A£ft£§ft 
U ¥fr« 1 0 0©MfrtJH9 6 i:PJbS±(rieg$ixT 
U?. BB&t^-r >H^1 0 2(1 ¥*T« 1 0 0©S±tC 

1 1 C^nsi^l:, «Sttr> -r > F •> 1 0 2 hSWI 

[0 0 4 9] AMIt ityr^n (^fmm) 

frt>mt)£n, =i >) * — hu>x i o 6 
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U>X 1 0 8li, W-lytf — A 1 0 4 fcHSWiM > K f> 1 

0 2 ±©JifiWtf* 1 10t|*n, ffiUftKl lOttfiW 
19 6 fcJKWf •> -r > K •> 1 0 2 m<Z>att<Z>ttJt®3c < 

W-ftizumztiZo ccioi:, Ararat*** 
> K 1 0 2£tf-b-t¥ff*&l OOtCAA^nS. 
[0 0 5 0] A2># 1 0 2 ©#«|(1 £WM 9 6 (DmU 
i:»Lt«#^^itt;^ AJjfttiK ¥fir*fiioo 
lcAot«, > H*10 2*>e>»WJB:uj;-5K: 

bt^S. «oT, «&fcll ±135$ (2) (CftoTlS 

[0 0 5 1 ] — fi> XjlfttfWttfa 1 0 0 Ortt AS 
fc, (Mill 0 8fc*3ft4J;-5fc:) KW«9 6 £9 
8©P^T-^fiSSt*^Ct-o A^** s S^SS9 6fcASt 
t5«C> #©H§9 5%J1 8Ciei3b>oTKSt 
ifc©«&5%a«KSMB9 6£i§5SbT, m*}ft*B 
(0Jx.(l 0 8(c^£*i,3J;-5&tB;fjftOu t 
1) o SWM9 6t9 8HCD#fiStt{c«fco-T, «$E© 

m*j*i«&«5*ft*o «R©ai:&3te(i iiMcT»b 
[0052] jtrn i i2it jtm*iRm^tc:iK*-rs u 

>X1 1 4 tJ:oT*^$n-5<, JKmjSd Xti^tcom 
fc-5*ftCJf U jS^X 1 1 6(C?QoT^i!lt-§c, 0"J 
£(1 A£ft©&fi>W«j!)n-f £(.:'<£<, v iRjRjSHl tti^ 
i i 6 (CfgoTMtciK ic^ita. 

1 i 8<i M^nt^si i 2*§*-rafc*!), esss 
^x i 1 6±{ria@^ntoSo eeo-Cv 1 1 
sit i*£©«Rc#jfcra#**g«-raj:-5fc:eB 

[0 0 5 3] V I PACDSMBMfeS^ttSWSHOfiiaai 

[0 0 5 4] il2il *«WOS'J<iDllMy&JBt:«eo 
fev StgtftCI^SV I P AS^t0T*5. 01 
2KIBtt3*l&V I PAI1 SWBM 9 6 i: 9 8 
A J An@^.?>tt-C^-2)fi!His 0 1 1 fc83*£iifc V I P 
Atmmx&Zo J;»)l$b<tts 0 1 2C|B«*ilfeV 
IPACi^tll KSfit9 8fcJU »S9 5%©S»** 
*U SWSM9 6li. Bgl 0 0%®Slt$^tLtu 
So 0 1 2i;^tJ;9t:, Ml 1 2(1 &m«ti l 2 

*frLxmm-rztht)yt<DT-mz&^xMi$.t<tiZo m. 

oT, A^i^«±, ¥fT« 1 0 0©M-flJ*»?>AStU 
1 1 2(1 Wrffil 0 0©S^(B'J(-ff$fi£*aSo ^CDflfe 
ttx 0 12 (Cg5«©V I P All 0 1 1 K8B«©V I P 
Ai:|si«(ctt^-rSo 

[0055] 01 3i*, *ftw<D-nt&Bmizm-Dtz, 

#»«8fVIPA^titfe5o 0 13CJ:4i:, it 

13 8(1, *77-fM (^0^) *»e>m*$n, a«i 
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(10) t$W2 000-75165 



$8Si4 0(4, mm. -strmvj-v^&Zo 9ti 
3 81*, fi&£$s£#-rs«g,©*i' <)7±iz$zmz 

[0 0 5 6] *1 38lt mmmzit. 7 J >\1*h 

T, 3iJ^-hU>X142lt ft 1 3 8 ZW-ft fttcg 

ft£tt, ^i^l 4 6ClRm^nSo ft(4, ?bt> pa 
»■> -f > K £ 1 5 0 Stf- IT, ffiUSilft 1 4 6 f> V I P 
A 1 4 8<Dttit:jKW^nSo 

[0057] VIPA148lt W<m 1 5 6 ±(C5t!W 
Ml 5 2 t 1 5 4*«*-Clr>-5o KgtKl 5 4(4, ¥ff 
1156 ©#0»J 0 , SftfSI 1 5 2 -f > h* £ 

1 5 0(4, iPfftS 1 5 6©ffe©{BJfc:&.5o KttlRl 5 2 
(4, B§ 1 0 0 %<DEL.m^*m U KWBM 15 4(1 10 
0%<fc0fc'h;* LT^So ¥^f*15 6(C 

iotS^n5*C0M 1 5 8(4, ¥fr«l 5 6 ©PS 

[0 0 5 8] AAjftl 3 8*»*»CD»fi4^t?t^S» 
^£(4, X^jftl 3 8cD«[S{c«c#UfcS«cS^lRl(cji 
tf, «8,©ftmi 5 8&Bm.£tiZo VIPA148IC 
k-DXBf&ZtiZfti&l 5 8(4, l/>X16 0CJ;o 
T, Ml 5 8©fi«^|B|(:tt#l£, »a«ac*3tt 
£iX3o e£-=>T, HI 3tC^5$n-5J;aiC, ^ft^ft, 
A 2, MA 3 £#1-3ft5fc 15 8a, 15 

8b, wi5 8cit mt£zm9t&izmm£tiz>o 
[0059] m.m.<D%:ft,mm& 1 6 2 kk %k%mzm.v 

6ixSo &g*»«SSl 6 2(4, ft«^h*-CDMS* 

14, raR?cs**n, ^s^s^^+^^^^ut^iHi 

£ft3o ^Sft^ESl 6 2(4, tSti»^lx5»(6 
f *S«S (^0^) S*tt^3. §Mt§(4, »3!tfJ 
(C(4, ^^t-KtfeS. t£oT, &£ft*$tSgl 6 

[0 0 6 0] LfrU *5V I P A©jSfl3(;:i5^T(4, 

0>U»4\ 12 14 (A) (is V I PASffiffltJSiCffl 
I0t?*t), 1114 (B) 14, £SB©IEffi0-?!<fcSo 0 
14 (A) Ml 4 (B) (C4ft(4, AA(ftl 0 4(1 
A*7r-fMl 7 0*><b3 U * — bV>X 1 0 6^tM 
tSo 3U^-H/>X106I1 AA/ft 10 4 4, RfK 
U>X 1 0 8(C«toTSft^nS¥ff K-AtC^tft-T 
-5, Hffi\s>Xl 0 811 ¥fTtr-A4V IPA76C 

[0 0 6 1 ] )t(4, 014 (A) WfflS®(c*^T(i, 
a^aifflt-AdJ, 0 14 (B) ©iEOSiatC*^ 
T(4b 2 ©fc'-Ai|i£;ff LT^So 0 1 5(4, El 1 4 



(a) ©fiiiBia*iB#flsL/fcia-c**. mi 5*#ra-r 

Si:, n 'J* — h U>X 1 0 6 i;P3f^U>X 1 0 8(4, 

C-AV-rXa, (4, V I PA7 6 ©J? I PA7 

6^©ftA*tftffifc£f©>'^;><— ■ ?(cj;o-r^^ti 

5o 0 1 5(c^,^n-c^sj;'5(c, t-A-y-'i'Xtt, ^ 
,£SMf , hf 2 ©Jtfc iot^ts. <tt)BU< 
14, 

a 2 /a[ =f 2 /f i 

^fclfoffiCiS^-tte, a,, a 2 A*7r^U 
7 0**.VI PA7 6S-CfflI*tt»SWCI4, ^A.£> 

amtimmt , (4, gsfcawrcs*. l*>u tr-A 

^Xb 2 ll 80&ffi8if , (C«fcoTifc5E;*ft, ^Alf 
««Mlffi«lf itt, -I8CI1 -A It fX 

b 2 

[0 0 6 2] tlTt, A^^t-A^X^ 
M&Zm^Zo El 1 6 (1 VIPA76 (DWltt&mTm 

X'$>z>o 01 6<i m7 i,zfjkgti2>t>(»£mcmrt%:ff; 

LX^ZtiK IKJC 3 oof K-A 1 , 

t— A 2, SVt:-A3hLT7^Mtt-i:S5. T 

#T-#£o #J;l(4, lOOfSOf^lit-AlOO 

[0 0 6 3] 0 1 7 (A) , 17 (B) Ml 7 (C) 
(4, -en-^tl, C-Al, bT-A2, Mtf— A3(C*f 
^S»B©jEfflSISw-rBI"Cft4. 017 (A) (4, f 
-A 1 (CjN-rS^S4^bTO§ffl-C, 017 (A) 
(±, AA77-fA170, 3iJ/-hU>Xl 06, S 
t5Rl^b>X 1 0 SOU^ffl^SStfJiiig^bTl^o 
;n(CMU 017 (B) (4, tT— A2(C^-rS^H«: 
b3«UT^-5©T-, 017 (B) (4, AAj7t-T^*1 7 
0, hU>X106, MP3W^>X 108© 

risaiwj fit«**urt^a. mmiz, 017 (o 

(4, If-A 3 CWt5lIS:^lt OSOT\ 017 
(C) (4, AAj 77-f a'1 7 0, zi u^ — h vy% 1 0 
6, MP3®L'>X 1 0 8© r^jgfitjj {ig^/^L/T^ 
So 01 7 (A) , 17 (B) Ml 7 (C) 

VIPA76 ©hu^©«R£© HSStfJj ffig 
(4, SWIfflfSJtt^U VIPA7 6fre>J;!)I^ 

[0 0 6 4] 0 1 8 (A) , 18 (B) M 1 8 (C) 
(4, ^n^tl, 0 17 (A) , 17 (B) M 1 8 7 

(C) ©y^rAtfI*ty^rA**ti-C$)?i= S 
£, 01 8 (A) , 18 (B) , Ml 8 (C) (4, * 
n,€ , nu>X^©^^CSS^L, , Lj-SVLj^^U 
■0>S„ 0 1 8 (A) , 18 (B) , M 18 (C) A> 
?>^A>S4o(r, U>XP^©ft^(4, S^©f^ft(C 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the simultaneous 
sepn. of plural carriers from wavelength divided multiples 
light with simple constitution by using an apparatus 
which has first to third lenses and an angle dispersion 
device and receives input light of respective 
wavelengths within a continuous range of wavelengths. 
SOLUTION: The first lens 200 collimates input light 
when viewed laterally. The lens does not possess the 
effect of a lens when viewed from front. The second lens 
202 receives the input light from the first lens 200 and 
condenses the input light when viewed laterally. The lens 
does not possess the effect of a lens when viewed from 
front The third lens 204 receives the input light from 
the second lens 202 and collimates the input light when 
viewed from front The lens does not possess the effect 
of a lens when viewed laterally. The light from the third 
lens is received in a virtually imaged phased array(VIPA) 
76. This VIPA 76 forms the output light which is spatially 
discriminatable from the output light formed with respect 

to the input light having any other wavelengths within the continuous range of the wavelengths. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention receives a bar CHARI IMEJIDO 
phased array (VIPA:virtually imaged phased array), i.e., the wavelength division multiplex light 
which consists of two or more carriers, corresponds wavelength division multiplex light to two or 
more carriers, respectively, and relates to the wavelength splitter mutually separated spectrally 
into two or more distinguishable flux of lights spatially. 
[0002] 

[Description of the Prior Art] A wavelength division multiplex is high speed, and in order to 
transmit comparatively a lot of data, it is used in fiber optics communication. In more detail, it is 
multiplexed and two or more carriers modulated using information, respectively are made into 
wavelength multiplex light. Wavelength division multiplex light is transmitted to a receiver through 
one optical fiber from it A receiver separates wavelength division multiplex light spectrally into 
each carrier, and detects each carrier. Thus, communication system can transmit comparatively 
a lot of data using an optical fiber. 

[0003] Therefore, the capacity for a receiver to separate wavelength division multiplex light 
spectrally correctly influences the performance of communication system greatly. For example, 
such a wavelength division multiplex light should not be transmitted if a receiver cannot separate 
wavelength division multiplex light spectrally correctly even if it multiplexs and can do many 
carriers in wavelength division multiplex light Therefore, a receiver is wanted to have the highly 
precise wavelength splitter. 

[0004] Drawing 1 is drawing showing the conventional filter using the multilayer interference film 
for using it as a wavelength splitter. According to drawing 1 , the multilayer interference film 20 
is formed on the transparent substrate 22. Although this must be parallel light, incidence of the 
light 24 is carried out on a film 20, and it is reflected within the repeat film 20. Only the light 26 
of wavelength lambda 2 can be penetrated according to the optical conditions determined with 
the property of a film 20. A film 20 is not penetrated but light 28 is reflected, although this 
contains all the light that does not fulfill optical conditions. Therefore, the filter shown in drawing 
1 is useful although the wavelength division multiplex light only containing two carriers of 
different wavelength lambda 1 and Iambda2 is separated spectrally. However, the wavelength 
division multiplex light which has many carriers from 2 cannot be separated spectrally such a 
filter and in itself. 

[0005] Drawing 2 is drawing showing the conventional Fabry-Perot interferometer used as a 
wavelength splitter. According to drawing 2 , the high reflection factor reflective films 30 and 32 
are mutually parallel. Although this must be parallel light, on the reflective film 30, incidence of 
the light 34 is carried out and it is reflected among the reflective films 30 and 32 many times. 
The light 36 of wavelength lambda 2 which fulfills the transparency conditions determined with 
the property of a Fabry-Perot interferometer penetrates the reflective film 32. The light 38 of 
wavelength lambda 1 which does not fulfill transparency conditions is reflected. Thus, it is 
separated spectrally into two different light corresponding to two different wavelength, 
respectively, and deals in the light which has two different wavelength. Thus, like the filter shown 
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in drawing 1 , the conventional Fabry-Perot interferometer is useful, although the wavelength 
division multiplex light only containing two carriers of different wavelength lambda 1 and Iambda2 
is separated spectrally. However, such a Fabry-Perot interferometer cannot separate spectrally 
the wavelength division multiplex light which has many carriers from 2. 
[0006] Drawing 3 is drawing showing the conventional Michelson interferometer used as a 
wavelength splitter. According to drawing 3 , incidence of the parallel light 40 is carried out to a 
one-way mirror 42, and it is mutually separated spectrally into the 1st perpendicular light 44 and 
2nd perpendicular light 46. The reflective mirror 48 reflects the 1st light 44, and the reflective 
mirror 50 reflects the 2nd light 46. The distance of a one-way mirror 42 and the reflective mirror 
48 and the distance of a one-way mirror 42 and the reflective mirror 50 show the optical path 
difference. It is returned to a one-way mirror 42, and is reflected by the reflective mirror 50, and 
the light reflected by the reflective mirror 48 interferes with the light returned to a one-way 
mirror 42. As a result, the light 52 and 54 which has wavelength lambdal and Iambda2 is 
separated mutually. Like the filter of drawing 1 , and the Fabry-Perot interferometer of drawing 
2 , the Michelson interferometer of drawing 3 is useful, although the wavelength division multiplex 
light only containing two carriers of different wavelength lambdal and Iambda2 is separated 
spectrally. However, such a Michelson interferometer cannot separate spectrally the wavelength 
division multiplex light which has many carriers from 2. 

[0007] It is possible to make it a big array combining some filters, a Fabry-Perot interferometer, 
or a Michelson interferometer, and to enable it to separate the further wavelength carrier from 
one wavelength division multiplex light However, such an array will be expensive, it will be 
inefficient-like, and such a big receiver will be constituted that it does not consider. 
[0008] A diffraction grating and a waveguide array grid are often used for separating spectrally 
the wavelength division multiplex light which consists of two or more different wavelength 
carriers. Drawing 4 is drawing showing the conventional diffraction grating for separating 
wavelength division multiplex light spectrally. According to drawing 4 , the diffraction grating 56 
has the concavo-convex field 58. Incidence of the parallel light 60 which has the wavelength 
carrier with which plurality differs is carried out to the concavo-convex side 58. It is reflected 
and interferes in each wavelength carrier between the reflected lights from the step from which 
a grid differs. As a result, the carriers 62, 64, and 66 of different wavelength are outputted at an 
angle which is different from a diffraction grating 56, and each other are separated. 
[0009] However, a diffraction grating outputs the carrier of different wavelength with a small 
angle difference relatively. Therefore, angular dispersion made by the diffraction grating will 
become very small. As a result, it becomes difficult for a receiver to receive correctly various 
carrier signals separated spectrally by the diffraction grating. This problem is serious especially 
in the diffraction grating which separates spectrally the wavelength division multiplex light which 
has many carriers with the wavelength which approached comparatively. 

[0010] Furthermore, a diffraction grating is influenced by the optical polarization of an incident 
light So, the polarization of an incident light can affect the performance of a diffraction grating. 
Moreover, in order to manufacture an accurate diffraction grating for the concavo-convex side 
of a diffraction grating, a complicated manufacturing process is needed. 
[001 1] Drawing 5 is drawing showing the conventional waveguide array grid for separating 
wavelength division multiplex light spectrally. According to drawing 5 , light is received through an 
input control port 68, and the light which consists of a wavelength carrier with which plurality 
differs branches to many waveguides 70. The optical output mouth 72 is in the edge of each 
waveguide 70, and generates the output light 74. The waveguide 70 has prepared the optical path 
of length which length differs mutually, therefore is different Therefore, the light which passes a 
waveguide 70 forms an output 74 in the direction which has mutually different path length, 
therefore interferes mutually through an output 72, and is different to different wavelength. 
[0012] In a waveguide array grid, angular dispersion can be adjusted to some extent by 
constituting a waveguide suitably. However, a waveguide array grid is influenced by the 
temperature change and other environmental factors. Therefore, it becomes difficult by the 
temperature change and the environmental factor to adjust a performance appropriately. 
[0013] Therefore, the technical problem of this invention is easy composition, and is offering the 
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wavelength splitter which can separate two or more carriers from wavelength division multiplex 
light simultaneously. The further technical problem of this invention is comparatively big angular 
dispersion, and is offering the wavelength splitter which distributes the separated carrier and has 
resistance in change of an environmental condition. 
[0014] 

[Means for Solving the Problem] The technical problem of this invention has the side and a 
transverse plane, and is attained by offering the equipment which receives the input light of each 
wavelength of continuation within the limits of wavelength. Equipment is equipped with the 1st, 
the 2nd, and 3rd lenses and angular-dispersion equipment. When the 1st lens was seen from the 
side, and input light is collimated and it sees from a transverse plane, it does not have an effect 
as a lens. When the 2nd lens received input light from the 1st lens, and looked at it from the 
side, and input light is condensed and it sees from a transverse plane, it does not have an effect 
as a lens. The 3rd lens receives input light from the 2nd lens, when it sees from a transverse 
plane, it collimates input light, and when it sees from the side, it does not have an effect as a 
lens. Angular-dispersion equipment has the 1st and the 2nd field. The 2nd field has the reflection 
factor which makes a part of light which carried out incidence penetrate. Angular-dispersion 
equipment receives input light from the 3rd lens. It is arranged so that the 1 st and 2nd fields may 
mind two or more rotatory-inversions putting for input light, may mind the 2nd field for two or 
more light and it may be made to penetrate between the 1st and the 2nd field. It interferes in 
two or more transmitted lights mutually, and they generate a distinguishable output light spatially 
with the output light generated to the input light which has what other wavelength of 
continuation within the limits of wavelength. 

[0015] Further, the technical problem of this invention has the side and a transverse plane, and 
is attained by offering the equipment which receives the input light of each wavelength of 
continuation within the limits of wavelength. Here, equipment contains the 1st, the 2nd lens, and 
angular-dispersion equipment. The 1st lens receives input light, looks at it from the side, acts as 
a lens, is seen from a transverse plane, and does not have work of a lens. The 2nd lens receives 
input light from the 1st lens, looks at it from a transverse plane, acts as a lens, is seen from the 
side, and does not have the effect of a lens. Angular-dispersion equipment has the 1st and the 
2nd field. The 2nd field has the reflection factor which makes a part of light which carried out 
incidence penetrate. Angular-dispersion equipment receives input light from the 2nd lens. The 
1st and the 2nd field carry out multiple-times reflection of the input light between the 1st and 
the 2nd field, and they are arranged so that two or more light may be penetrated through the 2nd 
field. It interferes in two or more transmitted lights mutually, and they generate a distinguishable 
output light spatially with the output light generated to the input light which has what other 
wavelength of continuation within the limits of wavelength. 
[0016] 

[Embodiments of the Invention] This suitable operation gestalt of this invention is stated here in 
detail. These examples are illustrated by the attached drawing. The same reference mark is ** 
which lets the whole pass and is given to the same component. 

[0017] Drawing 6 is drawing showing the bar CHARI IMEJIDO phased array (VIPA) according to 1 
operation gestalt of this invention. Furthermore, in order that a "wavelength splitter", a "bar 
CHARI IMEJIDO phased array", and the term of "VIPA" may describe various operation 
gestalten of this invention henceforth, it changes mutually and suppose that it is usable. 
[0018] In drawing 6 , VIPA76 consists of thin plates of glass preferably. The input light 77 is 
condensed by the line 78 with a lens 80 like a semicircle cylinder lens, and the input light 77 
progresses into VIPA76. A line 78 is henceforth called "focal line 78." The input light 77 is 
spread from the focal line 78 of the VIPA76 interior to a radial. Next, VIPA76 outputs the flux of 
light 82 of collimation light. Here, the output angle of the flux of light 82 changes as the 
wavelength of the input light 77 changes. For example, when the input light 77 is wavelength 
lambda 1, VIPA76 outputs flux of light 82a of wavelength lambda 1 in the specific direction. When 
the input light 77 is wavelength lambda 2, VIPA76 is outputted in the direction which is different 
in flux of light 82b of wavelength lambda 2. Therefore, VIPA76 generates the distinguishable flux 
of lights 82a and 82b spatially mutually. When the input light 77 contains both wavelength 
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lambda 1 and Iambda2 f VIPA76 outputs simultaneously both flux of lights 82a and 82b. 
[0019] Drawing 7 is drawing according to 1 operation gestalt of this invention showing VIPA76 in 
detail. According to drawing 7 , VIPA76 has the reflective films 122 and 124 on it including the 
plate 120 made with glass. Preferably, the reflective film 122 is more than it from 95% of 
abbreviation, and has the reflection factor smaller than 100%. The reflective film 124 has the 
reflection factor of 100% of abbreviation preferably. The irradiation window 126 is formed on the 
plate 1 20, and has the reflection factor of 0% of abbreviation preferably. 

[0020] Through an irradiation window, it is condensed by the focal line 78 with a lens 80, and the 
input light 77 starts a multiple echo among the reflective films 122 and 124. The focal line 78 is 
preferably on the field of the plate 120 with which the reflective film 122 is formed. Essentially, 
the focal line 78 is a line condensed on the reflective film 122 through the irradiation window 
126. The width of face of the focal line 78 can be called "beam waist" of the input light 77 at the 
time of being condensed with a lens 80. Therefore, the operation gestalt of this invention shown 
* n drawing 7 condenses the beam waist of the input light 77 to the field (namely, field which has 
the reflective film 122 on it) of the distant one of a plate 120. By condensing a beam waist to the 
field of the distant one of a plate 120, with this operation gestalt of this invention (i) The field of 
the input light 77 when passing through the irradiation window 126 (for example, field which is 
described in detail by the following and which was shown in drawing 10 "a"), GO Possibility that a 
lap will arise between the fields (for example, field which is described in detail by the following 
and which was shown in drawing 10 "b") of the light on the reflective film 124 when the input 
light 77 is first reflected by the reflective film 124 is decreased. In order to guarantee suitable 
operation of VIPA, it is desirable to decrease such a lap. 

[0021] In drawing 7 , the optical axis 132 of the input light 77 has the small angle of inclination 
theta 0. If the reflection factor of the reflective film 122 is assumed to be 95%, in reflection of 
the beginning of the reflective film 122, 5% of light will pass the reflective film 122, a beam waist 
will be back-spread, and 95% of light will be reflected toward the reflective film 1 24. After being 
first reflected by the reflective film 124, although light shines upon the reflective film 122 again, 
only the amount d has shifted. And 5% of light penetrates the reflective film 122. Similarly, as 
shown in drawing 7 , light branches on the path of fixed many which interval d Separated. The 
configuration of the beam of each path is formed so that light may diffuse from the virtual image 
134 of a beam waist. The virtual image 134 is arranged at intervals of [ fixed ] 2t along with the 
line perpendicular to a plate 120. Here, t is the thickness of a plate 120. The position of the 
beam waist in a virtual image 134 is not arranged automatically, and does not need to adjust 
each position. It interferes in the light diffused from a virtual image 134 mutually, and it forms the 
collimation light 136 spread in the direction which changes according to the wavelength of the 
input light 77. 

[0022] the interval of an optical path — d=2tSintheta0 it is — the difference of the path length 
between the adjoining beams — 2tCosthetaO it is . angular dispersion — these two numbers — 
comparatively — alike — it is proportional — **** — this ratio — cotthetaO it is . As a result 
VIPA generates quite big angular dispersion. 

[0023] The term "virtually imaged phased array" originates in formation of the array of a virtual 
image 134 so that drawing 7 may show easily. Drawing 8 is line VIII— VIII of VIPA76 shown in 
drawing 6 according to the operation gestalt of this invention. It is drawing showing the cross 
section which met. According to drawing 8 , the plate 1 20 has reflectors 1 22 and 1 24 on it 
Reflectors 122 and 124 are mutually parallel and are isolated by thickness t of a plate 120. 
Typically, reflectors 122 and 124 are the reflective films formed on the plate 120. As mentioned 
above, the reflector 124 has the reflection factor of 100% of abbreviation except for the 
irradiation window, and the reflector 122 has the reflection factor beyond 95% of abbreviation, or 
it. Therefore, the reflector 122 has the permeability not more than 5% of abbreviation, or it, less 
than [ 5% of abbreviation or it of the incident light to a reflector 122 ] is made to penetrate, and 
more than 95% or it of light is reflected. The reflection factor of reflectors 122 and 124 can be 
easily changed, if special application of VIPA is followed. However, generally, the reflector 122 
should have the reflection factor smaller than 100% in order to make a part of incident light 
penetrate. 
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[0024] The reflector 124 has the irradiation window 126 on it The irradiation window 126 makes 
light penetrate and completely has the low reflection factor very much without the reflective 
power preferably. The irradiation window 126 receives the input light 77, makes the input light 77 
receive among reflectors 122 and 124, and is reflected. 

[0025] Drawing 8 is line VIII-VIII of drawing 6 . Since the cross section which met is shown, the 
focal line 78 of drawing 6 has appeared as a "point" in drawing 8 . The input light 77 is spread 
from the focal line 78 from it to a radial. Furthermore, the focal line 78 is arranged at the 
reflector 122 as shown in drawing 8 . Although the focal line 78 is not required for being on a 
reflector 122, movement of the position of the focal line 78 results in a slight change to the 
property of VIPA76. 

[0026] Incidence of the input light 77 is carried out to a plate 120 through the field AO of the 
irradiation window 126 as shown in drawing 8 . Here, the point P0 shows the point around a field 
AO. 

[0027] With the reflection factor of a reflector 122, it is reflected by the reflector 122 and more 
than 95% of abbreviation or it of the input light 77 carries out incidence on the field A1 of a 
reflector 124. After reflecting from the field A1 of a reflector 124, the input light 77 progresses 
to a reflector 122, and penetrates a reflector 122 as an output light Out1 as which a part is 
specified with a beam of light R1. Thus, the input light 77 starts a multiple echo among reflectors 
122 and 124 as shown in drawing 8 . Here, each reflection from a reflector 122 serves as each 
output light penetrated again. Following [ for example, ], it is reflected in fields A2, A3, and A4, 
and the input light 77 generates the output light Out2, Out3, and Out4. A point P2 shows the 
point around a field A2, a point P3 shows the point around a field A3, and the point P4 shows the 
point around a field A4. The output light Out2 is prescribed by the beam of light R2, the output 
light Out3 is prescribed by the beam of light R3, and the output light Out4 is prescribed by the 
beam of light R4. Although drawing 8 is illustrating only the output light OutO, Out1, Out2, Out3, 
and Out4, more much output light exists with the power of the input light 77, and the reflection 
factor of reflectors 122 and 124 in fact. It interferes in output light mutually and it generates the 
flux of light which has the direction which changes according to the wavelength of the input light 
77 so that it may state in detail by the following. 

[0028] Drawing 9 is drawing according to 1 operation gestalt of this invention showing 
interference generated by VIP A. According to drawing 9 , the light which progresses from the 
focal line 78 is reflected by the reflector 124. As mentioned above, the reflector 124 has the 
reflection factor of 100% of abbreviation, therefore essentially functions as a mirror, as a result - 
- the output light Out1 — reflectors 122 and 124 — there is nothing — the output light Out1 — 
focal line 11 from — as emitted, it can analyze optically the same — the output light Out2, Out3, 
and Out4 — these — the focal line 12, 13, and 14 from — it can be optically analyzed as having 
been emitted, respectively The focal line 11, 12, 13, and 14 Focal line 10 It is a virtual image. 
[0029] therefore, it is shown in drawing 9 — as — focal line 11 Focal line 10 from — it is in the 
place of 2t of distance Here, t is equal to the distance between reflectors 122 and 124. Similarly, 
the focal line of each consecutiveness is in the place of 2t of distance from the last focal line. 
Thus, focal line 12 Focal line 11 It is in the place of 2t of shell distance. Furthermore, the multiple 
echo of each consecutiveness between reflectors 1 22 and 1 24 generates output light with 
intensity smaller than a front output light Therefore, the output light Out2 has intensity smaller 
than the output light Out1. 

[0030] The output light from a focal line laps mutually, and it interferes in it as shown in drawing 
9 . This interference generates the flux of light which progresses in the specific direction 
depending on the wavelength of the input light 77. VIPA according to the above-mentioned 
operation gestalt of this invention has the conditions which suit in the slight strength which is a 
property on the design of VIPA. The conditions which suit in slight strength increase 
interference of output light, and the flux of light is formed. The conditions which suit in the slight 
strength of VIPA are expressed by the following formulas (1). 

[0031] 2txcostheta=mlambda — here, theta is the propagation direction of the formed flux of 
light measured from the line perpendicular to the field of reflectors 122 and 124 lambda shows 
the wavelength of input light, t shows the distance between reflectors 1 22 and 1 24, and m shows 
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an integer. 

[0032] Therefore, t can determine the propagation direction theta of the flux of light formed to 
the input light of wavelength lambda, if a specific value is given to m by the constant. 
Furthermore, in detail, the input light 77 is a specific angle and is diffused in a radial from the 
focal line 78. Therefore, the same input light of wavelength progresses in the direction in which 
many differed from the focal line 78, and is reflected among reflectors 122 and 124. The light 
which progresses in the direction of specification [ the conditions which suit in the slight 
strength of VIPA ] suits in slight strength through interference of output light, and forms the flux 
of light which has a direction corresponding to the wavelength of input light. The light which 
progresses in the different direction from the specific direction demanded according to the 
conditions which suit in slight strength can be weakened by interference of output light. 
[0033] Drawing 10 is line VIII-VHI of VIPA illustrated by drawing 6 which shows the property of 
VIPA for determining the degree of incident angle of the input light according to the operation 
gestalt of this invention, or an angle of inclination. It is drawing showing the cross section which 
met. 

[0034] If drawing 10 is referred to, it will be condensed with a cylinder lens (un-illustrating), and 
will converge the input light 77 on the focal line 78. Like drawing 10 , the input light 77 covers a 
field with width of face equal to "a" on the irradiation window 126. After the input light 77 is 
reflected once from a reflector 122, incidence of the input light 77 is carried out on a reflector 
124, and it covers the field of width of face equal to "b" on a reflector 124. Furthermore, the 
input light 77 is [ as opposed to / the perpendicular of a reflector 1 22 / as shown in drawing 10 ] 
an angle of inclination theta 0. It progresses along with an optical axis 132. 
[0035] Angle of inclination theta 0 After being first reflected by the reflector 122, it should be 
set up so that the input light 77 progresses and may not come out from the irradiation window 
126. In other words, it is an angle of inclination theta 0. Input light 77 "should be captured" 
among reflectors 1 22 and 1 24, and it should be set up so that it may not escape from the 
irradiation window 126. Therefore, in order the input light 77 progresses and not to come out 
from the irradiation window 126, it is an angle of inclination theta 0. It should be set up according 
to the following formulas (2). 

[0036] Inclination thetaO >= (a+b) of an optical axis / 4t (a+b) term serves as the minimum at the 
time of a=b. This is the situation that the focal line 78 is located on a reflector 122. 
[0037] Therefore, the operation gestalt of this invention contains VIPA which receives the input 
light which has each wavelength of continuation within the limits of wavelength as shown in 
drawing 6 -10. VIPA makes autointerference start and makes output light form by the multiple 
echo of input light. Output light is spatially distinguishable from the output light formed to the 
input light of what other wavelength of continuation within the limits of wavelength. For example, 
drawing 8 is illustrating the input light which starts a multiple echo among reflectors 122 and 124. 
To each wavelength of the input light 77, as this multiple echo generates the distinguishable flux 
of light spatially, it generates two or more output light OutO, Out1, Out2, Out3, and Out4 in which 
it interferes mutually. 

[0038] "Autointerference" is a term which shows interference produced between two or more 
light from the same light source, or a beam. Therefore, since the output light OutO, Out1, Out2, 
Out3, and Out4 is coming from the same light source (namely, input light 77) altogether, 
interference of the output light OutO, Out1, Out2, Out3, and Out4 is called autointerference of 
the input light 77. 

[0039] According to the above-mentioned operation gestalt of this invention, input light may be 
what wavelength of continuation within the limits of wavelength. Therefore, input light is not 
limited to the wavelength which has the value chosen from the range of a dispersed value. 
[0040] Furthermore, according to the above-mentioned operation gestalt of this invention, the 
output light generated to the input light of the specific wavelength of continuation within the 
limits of wavelength is spatially distinguishable from the output light generated when input light is 
the wavelength from which continuation within the limits of wavelength differs. When the input 
light 77 is the wavelength from which continuation within the limits of wavelength differs, the 
travelling direction (namely, "spatial property") of the flux of light 82 differs, as it follows, for 
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example, is shown in drawing 6 . furthermore — for example, — if drawing 6 is referred to — the 
input light 77 — three wavelength lambdal, Iambda2, and Iambda3 — when all are included, the 
flux of lights 82a, 82b, and 82c are generated simultaneously, and progress in the different 
direction 

[0041] According to the above-mentioned operation gestalt of this invention, it is indicated that 
a focal line is on the field of the opposite side of the parallel board which input light inputs. 
However, a focal line can also be considered as this side of the field top of an irradiation window, 
or an irradiation window for example, in an parallel board. 

[0042] According to the above-mentioned operation gestalt of this invention, two reflective films 
reflect light by the meantime, and the reflection factor of one reflective film is 100% of 
abbreviation. However, the same effect can be acquired with no less than two reflective films 
which have a reflection factor smaller than 100%, respectively. For example, both the reflective 
film can have 95% of reflection factor. In this case, each reflective film makes light penetrate and 
makes interference cause. The flux of light which progresses in the direction depending on 
wavelength as a result is formed in the both sides of the parallel board with which the reflective 
film was formed. Therefore, the various reflection factors of the various operation gestalten of 
this invention can be easily changed according to the required property of VIP A. 
[0043] According to the above-mentioned operation gestalt of this invention, waveguide 
equipment is formed with an parallel board, or it is indicated being mutually formed of two parallel 
reflectors. However, this board or a reflector does not necessarily need to be parallel. 
[0044] According to the above-mentioned operation gestalt of this invention, VIPA uses a 
multiple echo and holds the fixed phase contrast between the light in which it interferes. As a 
result, the property of VIPA is stable and change of the optical property by the result and 
polarization is cut down. On the other hand, the optical property of the conventional diffraction 
grating receives change which is not desirable depending on the polarization of input light 
[0045] The above-mentioned operation gestalt of this invention was indicated as what offers the 
flux of light mutually "spatially distinguishable." In space, the thing of the distinguishable flux of 
light is described distinction is "spatially possible." For example, it is collimated, and if 
condensed by point which progresses in the different direction or is different, various flux of 
lights are spatially distinguishable. However, this invention is not limited to these detailed 
examples, and other methods of enabling distinction of the flux of light spatially mutually exist 
[0046] Drawing 1 1 is drawing according to 1 operation gestalt of this invention showing VIPA 
used with a receiver. According to drawing 1 1 B the multilayer reflective films 96 and 98 are 
formed in the both sides of the parallel board 100 which was able to be done with the glass 
which has thickness [ of 100 micrometers ] t As for the parallel board 100, it is desirable to 
have the thickness of the range of 20-2000 micrometers. The reflective films 96 and 98 are 
multilayer quantity reflection factor interference films preferably. 

[0047] The reflection factor of the reflective film 98 is 1 00% of abbreviation, and the reflection 
factor of the reflective film 96 is 95% of abbreviation. However, if sufficient light is reflected from 
the reflective film 96 so that it may not be limited to 95% but a multiple echo may happen among 
the reflective films 96 and 98, a different value is sufficient as the reflection factor of the 
reflective film 96. It is several% of range from 80% with the reflection factor of the reflective film 
96 it is desirable and smaller than 100%. Furthermore, although the reflection factor of the 
reflective film 98 is not limited to 100%, it needs to be high enough to the grade which makes a 
multiple echo start among the reflective films 96 and 98. 

[0048] The irradiation window 102 receives input light and is arranged on the same field as the 
reflective film 96 of the parallel board 100. The irradiation window 102 is formed on the field of 
the parallel board 100 with the film which has the reflection factor of 0% of abbreviation. As 
shown in drawing 1 1 , the boundary between the irradiation window 102 and the reflective film 96 
is a straight line preferably. 

[0049] Input light is outputted from an optical fiber (un-illustrating), and is received with a 
collimate lens 106. A collimate lens 106 changes input light into the collimated beam received 
with the cylinder lens 108. The cylinder lens 108 condenses a collimated beam 104 on the focal 
line 110 on the irradiation window 102. Near the boundary of the straight line between the 
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reflective film 96 and the irradiation window 102, the focal line 110 is arranged in parallel. Thus, 
input light is inputted into the parallel board 100 through the irradiation window 102. 
[0050] The optical axis of the input light 102 has the angle of inclination to the perpendicular of 
the reflective film 96, and after input light goes into the parallel board 100, it is made not to 
escape from the irradiation window 102. Therefore, an angle of inclination is set up according to 
the above-mentioned formula (2). 

[0051] Once, if input light goes into the inside of the parallel board 100, a multiple echo will be 
started among the reflective (for example, it is shown in drawing 8 like) films 96 and 98. 
Whenever input light carries out incidence to the reflective film 96, 95% of the abbreviation for 
light is reflected toward the reflective film 98, 5% of the abbreviation for light penetrates the 
reflective film 96, and they forms output light (for example, output light Out1 as shown in drawing 
8 ). Two or more output light is formed of the multiple echo between the reflective film 96 and 
98. It interferes in two or more output light mutually, and they forms the flux of light in the 
propagation direction depending on the wavelength of input light. 

[0052] The flux of light 1 1 2 is condensed with the lens 114 which converges the flux of light on a 
convergent point A convergent point moves along with the straight-line path 116 to the 
wavelength from which input light differs. For example, a convergent point moves in the distance 
further along with the straight-line path 116 as the wavelength of input light increases. Two or 
more receivers 118 are arranged on the straight-line path 116 in order to receive the condensed 
flux of light 1 12. Therefore, each receiver 1 18 is arranged so that the flux of light corresponding 
to specific wavelength may be received. 

[0053] By controlling the reflective film of VIP A, or the distance t between reflectors, the 
environmental resistance which only the predetermined amount could shift the phase contrast of 
light reflected between a reflective film or a reflector, therefore was excellent is realizable. 
Furthermore, only a slight change causes the above-mentioned operation gestalt of this 
invention about the optical property depending on optical polarization. 

[0054] Drawing 12 is drawing according to another operation gestalt of this invention showing 
VIPA used with a receiver. VIPA indicated by drawing 1 2 is the same as that of VIPA which the 
reflection factor of the reflective films 96 and 98 was replaced, and also was indicated by 
drawing 1 1 . In more detail, in VIPA indicated by drawing 1 2 , the reflective film 98 has the 
reflection factor of 95% of abbreviation, and the reflective film 96 has the reflection factor of 
100% of abbreviation. As shown in drawing 12 , the flux of light 1 12 is formed of interference of 
the output light penetrated through the reflective film 112. Therefore, incidence of the input light 
is carried out from one side of the parallel board 100, and the flux of light 1 12 is formed in the 
opposite side of the parallel board 100. As for VIPA given in drawing 12 , others operate like 
VIPA given in drawing 1 1 . 

[0055] Drawing 13 is drawing showing waveguide type VIPA according to 1 operation gestalt of 
this invention. According to drawing 13 , light 138 is outputted from an optical fiber (un- 
illustrating), and is received by the waveguide 140 prepared in the substrate 142. A waveguide 
140 is a lithium niobate. Light 138 contains the lightwave signal modulated on two or more 
carriers which have different wavelength. 

[0056] Typically, light 138 has the diffused width of face, when outputted from an optical fiber. 
Therefore, a collimate lens 142 changes light 138 into parallel light. Next, it is condensed with the 
cylinder lens 144 and converges parallel light on the focal line 146. It emanates into VIPA148 
from the focal line 146 through light and the irradiation window 150. 

[0057] VIPA148 is equipped with the reflective films 152 and 154 on the parallel board 156. The 
reflective film 154 is in one side of the parallel board 156, and the reflective film 152 and the 
irradiation window 150 have it in the side of the parallel board 156 else. The reflective film 152 
has the reflection factor of 100% of abbreviation, and the reflective film 154 has the reflection 
factor smaller than 100%. The flux of light 158 of light reflected by the parallel board 156 is 
outputted to an opposite side in the irradiation window 150 of the parallel board 156. 
[0058] When the input light 138 contains two or more wavelength, two or more flux of lights 158 
which progress in the different direction depending on the wavelength of the input light 138 are 
formed. The flux of light 158 formed of VIPA148 is condensed with a lens 160 by different point 
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for which it depended in the propagation direction of the flux of light 158. Therefore, as shown in 
drawing 13 f the flux of lights 158a t 158b, and 158c which have wavelength lambda 1, Iambda2, and 
Iambda3 are formed in a different condensing point, respectively. 

[0059] Two or more light-receiving waveguides 162 are formed in a condensing point. Each light- 
receiving waveguide 162 leads the corresponding carrier which has a lightwave signal and single 
wavelength. Therefore, light is received simultaneously and two or more flux of lights are sent 
out through various channels. Each light-receiving waveguide 162 has the corresponding receiver 
(un-illustrating) formed in the latter part. Typically, a receiver is optical diode. Therefore, the 
light drawn by each light-receiving waveguide 162 is processed after being received by the 
corresponding receiver. 

[0060] However, in application of a certain VIP A, the beam size of the transverse plane of the 
acquired flux of light is not fully so large as it carries out optimal operation as shown in detail 
below. For example, drawing 14 (A) is the side elevation of the equipment which uses VIP A, and 
drawing 1 4 (B) is the front view of equipment According to drawing 14 (A) and 14 (B), the input 
light 104 progresses to a collimate lens 106 from the input fiber 170. A collimate lens 106 
changes the input light 104 into the collimated beam received with the cylinder lens 108. The 
cylinder lens 108 condenses a collimated beam to VIPA76, and makes the flux of light 112 form. 
[0061] It sets in the side elevation of drawing 14 (A), and light is a1. a2 In the front view of 
drawing 14 (B), it has the beam width of b2 for beam width. Drawing 15 is drawing which 
simplified the side elevation of drawing 14 (A). When drawing 15 is referred to, a collimate lens 
106 and the cylinder lens 108 are a focal distance f1, respectively. f2 It has. Ideal beam size a2 It 
is determined by parameters, such as thickness of VIPA76, and the degree of optical incident 
angle of VIPA76. A beam size is a focal distance f 1 as shown in drawing 15 . f2 It expands by the 
ratio, more — detailed — a2/a1 =f2 / f 1 — special application — setting — a1 and a2 Typically, 
the distance from the input fiber 170 to VIPA76 is given, or is being fixed. Therefore, the 
greatest focal distance f1 It can determine easily. However, beam size b2 Focal distance f1 It is 
determined and is the maximum permission focal distance f1. It is the general sufficiently big 
beam size b2. It does not give. 

[0062] Below big beam size b2 A required reason is explained. Drawing 1 6 is drawing showing 
operation of VIPA76. Although drawing 1 6 shows the same operation as what is shown in drawing 
7 , it has attached the label to the first three interference lights as a beam 1, a beam 2, and a 
beam 3, respectively. A corresponding beam number can attach to each of an interference light. 
For example, the 100th interference light is called like a beam 100. 

[0063] Drawing 1 7 (A), 1 7 (B), and 1 7 (C) are drawings showing the front view of the equipment 
to a beam 1 , a beam 2, and a beam 3, respectively. Since drawing 1 7 (A) shows the equipment to 
a beam 1, drawing 1 7 (A) shows the actual physical position of the input fiber 170, a collimate 
lens 106, and the cylinder lens 108. On the other hand, since drawing 1 7 (B) has indicated the 
equipment to a beam 2, drawing 17 (B) shows the "virtual" position of the input fiber 170, a 
collimate lens 106, and the cylinder lens 108. Similarly, since drawing 17 (C) shows the 
equipment to a beam 3, drawing 1 7 (C) shows the "virtual" position of the input fiber 1 70, a 
collimate lens 106, and the cylinder lens 108. The "virtual" position of the composition of the 
preceding paragraph of VIPA76 will be moved to the more distant place from VIPA76 to the 
interference light of each consecutiveness, as shown in drawing 17 (A), 17 (B), and 17 (C). 
[0064] Drawing 18 (A), 18 (B), and 18 (C) are drawings showing a system equivalent to the 
system of drawing 17 (A), 17 (B), and 187 (C), respectively. Furthermore, drawing 18 (A), 18 (B), 
and 18 (C) are the length L1 from which it differs between lenses, respectively, and L2. And L3 It 
is shown. The length between lenses will increase to the interference light of each 
consecutiveness, as shown in drawing 18 (A), 18 (B), and 18 (C). Following [ for example, ], the 
length to the 100th interference light (beam 100) will become comparatively long. 
[0065] For the diffraction limitation, collimation light spreads as the distance to which light 
progresses becomes long. Therefore, the light which has a very long advance distance like a 
beam 100 will spread very much. VIPA cannot make interference sufficient among various 
interference lights cause as a result. 

[0066] It is one beamL! to the typical composition for which it depends on various factors like 
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the thickness of VIPA as an example. Typically, it is 1cm. L100 to a beam 100 Typically, it is 
20cm. Thus, L1 L100 A difference is comparatively large. As a result, a beam 100 spreads too 
much, in order to obtain the suitable amount of interference. 

[0067] Beam size b2 If it enlarges more, this problem will be solved by [ with a longer collimation 
light ] carrying out distance maintenance. However, as described above, in many cases, with the 
equipment of drawing 14 (A) and 14 (B), it is the beam size b2 big enough. It cannot obtain. 
[0068] As an example, it is a beam size b2. It is assumed that it should be larger than 3mm which 
is desirable size in typical application. However, a1 and a2 Since it reaches and the distance 
from the input fiber 170 to VIPA76 is generally being fixed, it is the maximum permission focal 
distance f1. Larger beam size b2 than 3mm It is not enough to obtain. 

[0069] Or it is also possible to enlarge size of equipment and to obtain the larger beam size b2 
than 3mm. It is f1 in order to obtain this beam size. Typically, it is in the range of 2-3cm. 
Furthermore, it sets in typical composition and is a2 / a1. It should be the range of 3-4, and is 
f2. It becomes 10cm of abbreviation. Therefore, fl+f2 It becomes 13cm of abbreviation. In many 
cases, this overall length is too large. Rather compacter equipment is desired. 
[0070] The side elevation of the equipment with which drawing 19 (A) followed 1 operation 
gestalt of this invention, which obtains the big beam size b2 and which uses VIPA, and drawing 
19 (B) are front view. According to drawing 1 9 (A) and 19 (B), equipment has three lenses 200, 
202, and 204 between the input fiber 170 and VIPA76. All lenses are a cylinder lens, a semicircle 
cylinder lens, or a lens with the same function preferably. Lenses 200 and 202 do not have an 
operation of a lens, when it sees from a transverse plane. A lens 204 does not have an operation 
of a lens, when it sees from the side. Focal distance f3 It is the length of the same grade as the 
distance from the input fiber 1 70 to VIPA76. 

[0071] in the side elevation (namely, drawing 1 9 (A) — setting), like the case of drawing 1 4 (A), 
light is collimated and is condensed by VIPA76 therefore, beam size a2 f1 f2 ****** — it can be 
decided by choosing an exactly good number that it will be arbitration Furthermore, beam size b2 
As shown in front view (drawing 19 (B)), it is a focal distance f3. It can determine almost 
independently. 

[0072] The equipment of drawing 14 (A) and 14 (B) and comparison are possible for the 
equipment of drawing 19 (A) and 19 (B). For example, as described above to the equipment of 
drawing 14 (A) and drawing 14 (B), it is the bigger beam size b2 than 3mm. It is fl+f2 in order to 
obtain. You have to make it 13cm of abbreviation. On the other hand, in the case of the 
equipment of drawing 1 9 (A) and drawing 1 9 (B), it is f1+f2. It can be made very small much 
smaller than 13cm. Furthermore, it sets to drawing 19 (A) and 19 (B), and is f3. Bigger beam size 
b2 than 3mm In order to obtain, typically, it is 2-3cm of abbreviation. Therefore, the equipment 
of drawing 19 (A) and 19 (B) is quite smaller than the equipment of drawing 14 (A) and 14 (B). 
[0073] The above-mentioned numerical example does not only show the general example of an 
outline, and does not limit this invention. Therefore, according to the operation gestalt of this 
invention, when the 1st lens was seen from the side, and input light is collimated and it sees 
from a transverse plane, it does not have an operation of a lens. It does not have an operation of 
a lens, when the 2nd lens received input light from the 1st lens, and looked at it from the side, 
and input light is condensed and it sees from a transverse plane. It does not have an operation 
of a lens, when the 3rd lens received input light from the 2nd lens, and looked at it from the 
transverse plane, and input light is collimated and it sees from the side. The light from the 3rd 
lens is received by VIPA. 

[0074] Furthermore, the lenses 200 and 202 of drawing 19 (A) and 19 (B) can be combined, and 
can be used as one lens. For example, drawing 20 (A) is the side elevation of the equipment 
which has two lenses between the input fibers 170 and VIPA(s)76 according to 1 operation 
gestalt of this invention, and drawing 20 (B) is front view. It does not have an operation of a lens, 
when according to drawing 20 (A) and 20 (B) the lens 206 was seen from the side, and it acts as 
a lens and sees from a transverse plane. On the other hand, when the lens 208 was seen from 
the transverse plane, and it acts as a lens and sees from the side, it does not have an operation 
of a lens. 

[0075] In various modes of the above-mentioned operation gestalt of this invention, VIPA turns 
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the acquired flux of light to an optical fiber. However, this invention can apply the flux of light 
also to VIPA turned to other points and light-corpuscle children. For example, this invention is 
applicable to the equipment which uses VIPA, in order to compensate or generate a chromatism 
by turning the flux of light to a mirror so that light may be reflected and returned at VIPA. 
[0076] For example, drawing 21 (A) and 21 (B) are drawings showing the equipment which uses 
VIPA, in order to compensate or generate the chromatism according to 1 operation gestalt of 
this invention. Reference of drawing 21 (A) condenses the flux of light generated by VIPA76 on a 
mirror 212 with a lens 210. A mirror 212 reflects and returns light at VIPA, and the returned light 
starts a multiple echo within VIPA76, and it is made to be outputted to the input fiber 170 
through lenses 204, 202, and 200 from VIPA76. Lenses 206 and 208 are used for the equipment 
of drawing 21 (B) instead of lenses 200, 202, and 204, and it operates similarly. The further detail 
of the equipment using VIPA with optical return equipments (mirror etc.) The U.S. applications 
08/796,842 of February 7, 1 997 application "the optical equipment which uses a bar CHARI 
IMEJIDO phased array in order to generate a chromatism", And since it is indicated by the U.S. 
applications 08/910,251 of August 13, 1997 application "the optical equipment which uses a bar 
CHARI IMEJIDO phased array in order to generate a chromatism", it indicates as reference 
reference here. 

[0077] According to drawing 19 (A), 19 (B), 20 (A), 20 (B), 21 (A), and 21 (B), each lenses 200, 
202, 204, 206, and 208 are a cylinder lens, a semicircle cylinder lens, or a single dimension gray 
dead index lens preferably. However, this invention is not limited to use of what specific type of 
lens. 

[0078] According to the above-mentioned operation gestalt of this invention, VIPA contains the 
1 st and the 2nd reflector. The 2nd field has a reflection factor which makes a part of light which 
carried out incidence penetrate. VIPA receives the input light of each wavelength of continuation 
within the limits of wavelength. The 1st and the 2nd field are arranged so that input light may 
make two or more rotatory-inversions putting and two or more light penetrate through the 2nd 
field between the 1st field and the 2nd field. It interferes in two or more transmitted lights 
mutually, and the output light generated to the input light which has what other wavelength of 
continuation within the limits of wavelength generates distinguishable output light (flux of light 
82a or 82b of drawing 6 etc.) spatially. 

[0079] According to the above-mentioned operation gestalt of this invention, VIPA was indicated 
having been formed of an parallel board or two reflectors parallel to each other. However, a 
board or a reflector does hot necessarily need to be parallel. 

[0080] According to the above-mentioned operation gestalt of this invention, the light containing 
two or more wavelength is separated spectrally simultaneously. Therefore, size of the receiver 
used for wavelength multiplex communication can be well made small. 

[0081] According to the above-mentioned operation gestalt of this invention, VIPA can separate 
wavelength multiplex light spectrally simultaneously to each wavelength of input light. 
Furthermore, a distributed angle can be adjusted by thickness t of the parallel board which forms 
VIPA. As a result, a distributed angle can be enough enlarged so that a receiver can receive 
each signal separated spectrally easily. For example, the conventional diffraction grating needs a 
minute concavo-convex side to a big distributed angle. However, it is very difficult to establish a 
minute concavo-convex field, and it limits the size of a distributed angle. On the other hand, 
VIPA according to the above-mentioned operation gestalt of this invention is good only by 
changing the thickness of an parallel board, in order to realize a comparatively big distributed 
angle. 

[0082] Furthermore, VIPA by the above-mentioned operation gestalt of this invention generates 
a bigger distributed angle than the conventional diffraction grating. Therefore, the receiver which 
uses VIPA according to the operation gestalt of this invention can receive a lightwave signal 
correctly rightly also in the wavelength multiplex communication which realizes high-level multi- 
processing. Furthermore, such a receiver is comparatively cheap although comparatively easy 
composition is had and manufactured. 

[0083] According to the above-mentioned operation gestalt of this invention, VIPA uses a 
multiple echo and holds the fixed phase contrast between interference lights. As a result, the 
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property of VIPA is stable and suppresses change of the optical property by polarization. On the 
other hand, the optical property of the conventional diffraction grating receives change which is 
not desirable depending on the polarization of input light 

[0084] Furthermore, as compared with a waveguide array grid, VIPA according to the above- 
mentioned operation gestalt of this invention is comparatively easy composition, and attains a 
stable property and the resistance over change of an environmental condition. 
[0085] In the above-mentioned operation gestalt of this invention, VIPA has the reflective film 
for reflecting light For example, drawing 7 shows VIPA76 which has the reflective films 122 and 
124 for reflecting light However, VIPA is not limited to using a "film", in order to obtain a 
reflector. Rather, VIPA should only have the suitable reflector, and even if these reflectors are 
formed by the "film", they do not need to be. 

[0086] Furthermore, in the above-mentioned operation gestalt of this invention, VIPA contains 
the transparent glass plate to which a multiple echo happens inside. For example, VIPA76 to 
which drawing 7 is equipped with the transparent glass plate which has a reflective film on it is 
shown. However, VIPA is not limited to using a glass member and what type of "board", in order 
to isolate a reflector. The reflector of VIPA has the reflector stably held by member like not a 
glass plate but the glass metallurgy group of low thermal expansion, and "air" seems for example, 
to be only in between. Therefore, a reflector can describe that it has the transparent member 
which are optical glass and air in the meantime. 

[0087] Although some suitable operation gestalten of this invention were shown and indicated, it 
will be understood that change can be added to these operation gestalten without separating 
from the principle and pneuma of invention which are specified with a claim or its equal object 
according to this contractor. 
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